A study of the effect of water quality-related variables on some age-related diseases adjusted for other well-known risk factors: a multivariate multilevel study Kapuruge Nishika Oshadini Ranathunga and M. R. Sooriyarachchi ABSTRACT Mortality rates of some diseases are affected by water quality. This research examines the roles of two factors related to water quality, namely the quality of drinking water termed 'water' and the quality of sanitation termed 'sanitation'. Two age-related diseases, cardiovascular disease and diabetes (CDD) and chronic respiratory conditions (CRC) are considered while adjusting for personal health issues, environmental and geographical factors. The dataset consists of worldwide mortality rates of adults for the mentioned diseases in 195 countries. These countries are clustered within continents geographically and literature shows the importance of considering the geographical effect of a continent. Furthermore, the two diseases were highly related to each other. Accordingly, the multivariate multilevel model was fitted to the dataset. The results indicated that when the usage of improved drinking water sources and sanitation facilities decreases, the chance of mortality from the two diseases increases. Furthermore, the difference in the risk of the diseases was statistically significant between the continents. It showed that North America and Europe had a lower risk of having CDD and CRC compared to Asia and Oceania. Therefore, the results revealed that the factors 'water' and 'sanitation' play important roles for this macro geographical variation of CDD and CRC.
lungs. Asthma, lung cancer, occupational lung disease and chronic obstructive pulmonary disease are some of the most common diseases of these types.
Several studies have been carried out on the relationship between CDD and CRC with other health-related factors such as smoking, alcohol, obesity, blood sugar, cholesterol, hypertension, etc. The authors of this paper have used the data used here for such a study (Ranatunga & Sooriyarachchi ) . A previous study (Ranatunga & Sooriyarachchi ) conducted by the same authors is a highly technical study of multivariate modeling and its application to the data explained before in this section and is suitable mainly for an audience familiar with advanced statistics. The current paper is an applied one addressing a different aspect to the same problem. This paper is more approriate for the medical community, including epidemiologists.
There is little literature showing that the factors, quality of drinking water and quality of sanitation also affect CDD and CRC, even causing death in the long-term (Briggs ) . On the other hand, CDD and CRC are diseases with globally higher rates of mortality. The World Health Organization collects many details on these diseases and water and sanitation. However, there are no proper statistical and health information systems in many countries to study the effect of water-related factors on death due to CDD and CRC and hence the effort has not been made to ensure an end to this tragedy. This is the motivation to undertake this study involved in promoting facilities, mainly regarding water and sanitation, to control this vulnerable situation.
This study mainly aims to determine the effect of the factors 'water' and 'sanitation' on the world-wide mortality rates of CDD and CRC, while adjusting for the risk factors 'solid fuels', 'blood glucose', 'blood pressure', 'smoking', 'alcohol consumption' and 'obesity'.
METHODS Dataset
The book 'World Health Statistics ()' published by the World Health Organization (WHO) in 2013 was used to extract the data. Worldwide mortality rates among adults aged 30-70 years were represented by the dataset. These observations were collected as frequencies per 100,000 population. Data were spread across two main levels. Level 1 consists of 195 countries while level 2 consists of six continents.
The countries are believed to be similar within continents but vary across continents (http://education.nationalgeographic. com/encyclopedia/continent/). This establishes the need for multilevel analysis, as the data represent a hierarchical nature.
Statistical methods
Initially, bar charts and mosaic plots were used and it was followed by the Generalized Cochran Mantel-Haenszel (GCMH) univariate test to assess individual significance.
After that, by considering continent correlations and strong relationships between the two diseases, multivariate multilevel modeling was implemented.
In order to conduct preliminary analysis, all variables were categorized according to their percentiles due to the lack of methods about handling continuous data in a hierarchical nature. Moreover, for advanced analysis, it was not possible to model continuous responses since these deviated from Normality and Multivariate Normality.
Therefore, advanced analysis was also performed by using categorized response variables.
Graphical tools
For the graphical phase, mosaic plots were used (Friendly ) . Mosaic plots are one of the most powerful visualization tools for multivariate categorical data. These are constructed based on the data in the contingency tables and it can be extended up to four-way contingency tables.
The areas of the tiles of the plot are proportional to the cell frequencies of the contingency table. To identify the pattern of deviation from the independence, Meyer et al. () improved the colour shading scheme which was proposed by Friendly (). In this extension, positive and negative residuals within the interval (-2, 2) are coded by white rectangles. The residuals exceeding À2 and 2 but still within the region (-4, 4) are shaded light red and light blue respectively. Furthermore, the residuals exceeding the limits of À4 and 4 are shaded in red and blue respectively. However, for this paper the colour coding system was changed in order to obtain monochrome figures and it is stated below. 
Univariate test
Since the data are of a hierarchical nature, the impact of the cluster level variable also should be taken into account when doing univariate analysis. Therefore, the most commonly Forward selection procedure and backward elimination procedure along with the Wald statistic and deviance information criteria were specifically used for the model building purpose (Agresti ) . In order to assess the model adequacy, caterpillar plots and normal probability plots were used.
In the presence of some ordinal categorical responses, as cofactors in the model, MLwiN 2.10 defines the lowest category as the base level. It is more accurate, however, to change the base level according to the nature of the relationship between the response and the cofactor.
In this dataset, improved drinking water sources and improved sanitation may lead to a decrease in the incidence of all diseases. Therefore, it can be seen that the incidence of diseases is increasing when the level of the quality of water and sanitation are decreasing. Therefore, it would be more meaningful and practicable to get the highest level as the reference for both water and sanitation. Table 1 represents the categorization of water and sanitation used in the analysis phase: 'water' and 'sanitation'
represent 'The population using improved drinking water sources (%)' and 'The population using improved sanitation (%)' respectively. The three categories are low, moderate and high quality.
RESULTS AND DISCUSSION

Graphical phase
This part is a simple but crude analysis as the hierarchical nature of the data was not taken into account under this phase. Here, the analyses were performed using mosaic plots in
Figures 1 and 2 which acted solely as visualization tools.
This was then followed by a Univariate analysis to progress forward.
Mosaic plots show that the Pearson residuals are highly significant at the 5% level for both diseases. It indicates a strong relationship between the two diseases and water.
The groups of the lowest levels of the diseases having the highest level of water imply observed frequencies which are higher than that which would be expected under independence. The same conclusion can be drawn for the groups of the highest levels of diseases at the lowest level of water. Contrastingly, there are two groups with fewer numbers of observations which have lower observed frequencies than would be expected under independence.
These two groups are shaded in Pattern 4 and 5 respectively for both diseases. 
Univariate phase
Univariate analysis facilitates the examination of all the variables one-by-one, separately. Since the data is hierarchical in nature, the impact of the cluster level variable also should be taken into account. Therefore the most commonly used tests such as Pearson's Chi squared tests are not applicable to this scenario. Consequently, the GCMH test was implemented (Zhang & Boos ) .
When modeling the multivariate (multiple) response for univariate analysis, CDD and CRC were used and a single response variable was constructed to represent the combined levels of the two response variables, as presented in Table 2 . This examines the interaction between the two diseases. The four levels in Table 2 of potentially useful predictor variables. Table 3 shows the results of the univariate analysis for the composite outcome.
According to Table 3 , both water and sanitation are significant at the 20% level of significance for the composite outcome. Furthermore, other risk factors also show significant relationships to the combination of both diseases.
Advanced analysis
As CDD and CRC are highly correlated (0.680), it is more efficient to model these diseases in a multivariate framework using multilevel multiariate models. Also CDD and CRC have many explanatory variables in common. Tables 4 and 5 depict the results of the fitted model for CDD and CRC respectively. Though a uniariate analysis was carried out and variables selected at this stage, as only a few explanatory variables were available all of these were used in the modeling phase. The model that is fitted is a multilevel multivariate binary model with the probit link function. In this case the parameter estimates are interpreted using probability diferences. As the responses are binary and not normal, means (averages) are not used to interpret the model parameters but probability differences are used in that place (Agresti ) . The interpretation of probability differences are as follows. For the first parameter, when all continuous variables are at their average values and when sanitation is at its base level the difference in the probability of mortality on CDD between low quality water and high quality water is 0.6478. This shows that high water quality reduces the mortality of CDD when compared to low water quality. Other parameters are interpreted similarly.
Effect of water
In the final model, water acts as a common coefficient and it has three levels. Water 1 (low quality) takes a probability value of 0.6478 and it implies that the probability of being the higher mortality group of CDD is 0.6478 higher when water is at level 1 (low quality) when compared to when The meaning of low, moderate and high quality water and sanitation levels are given in Table 1 . water is at level 3 (high quality, >98% of population using improved drinking water sources) while all the other continuous variables are taken at average and sanitation is taken at the base level. Similarly, when water is at level 2 (moderate quality), it takes a probability value of 0.3106.
Furthermore, it can be seen that the probability of being in the higher mortality group of CDD for water 1 (low quality)
is approximately twice as high as water 2 (moderate quality).
Therefore, when the usage of improved drinking water sources decreases, the probability of being in the higher group of CDD increases.
Past evidence is also available to prove this relationship.
A study conducted in Newfoundland has shown that the proportion of mortality rates for CDD was higher in the soft water areas than hard water areas (Fodor et al. ) .
It further showed that there was a macro geography variation for CDD. Those findings tally with the findings in this research since CDD also shows a continent level vari-
Effect of sanitation
For sanitation, it has separate coefficients. However, both levels of sanitation do not have a significant impact for the probability of being in the higher mortality group of CDD when compared to the sanitation level 3 (high quality, >80% of population using improved sanitation).
Effect of water
Similar to CDD, the probability of being in the higher mortality group of CRC is 0.5745 more when water is at level 1 (low quality) when compared to when water is at level 3 (high quality, >98% of population using improved drinking water sources) while all the other continuous variables are taken at the average and the sanitation is taken at the base level. In the same way, the probability of being in the higher mortality group of CRC is 0.2344 higher when water is at level 2 (moderate quality). Furthermore, it can be seen that the probability of being in the higher mortality group of CRC for water 1 (low quality) is approximately twice as high as water 2 (moderate quality). Therefore, when the usage of improved drinking water sources decreases, the probability of being in the higher group of CRC increases.
According to past evidence there is also a suggestion that water has an impact on the CRC. The US Environmental Protection Agency has shown that heavy rainfall events cause storm water overflow that may contaminate water bodies used for drinking with other bacteria. It may cause illnesses including ear, nose, and throat infections (Climate Impacts on Human Health n.d.).
Moreover, it is interesting to note that when the usage of improved water sources decrease from level 2 to 1, the probability of getting higher risk is doubled for both CDD and CRC. However, the impact of water for CDD is higher than that for CRC.
Effect of sanitation
The probability of being in the higher mortality group of CRC is 0.4911 more when sanitation is at level 1 (low quality) and 0.2067 more when sanitation is at level 2 (moderate quality) when compared to when sanitation is at level 3 (high quality, >80% of population using improved sanitation) while all the other continuous variables are taken at average and the water is taken at the base level. Furthermore, it can be seen that the probability of being in the higher group of CRC for sanitation 1 (low quality) is approximately twice as high as sanitation 2 (moderate quality).
Therefore, it can be seen that when the usage of improved sanitation sources decreases, the probability of being in the higher group of CRC increases. Findings of this study have also proven that the usage of poor quality water and sanitation sources also have an impact on the diseases CDD and CRC after adjusting for these well-known direct risk factors. According to Briggs (), unsafe water, poor sanitation and poor hygiene are seen to be one of the major sources of exposure for these types of diseases. 
